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Merle Nacht
I’M no Einstein, and my last attempt at studying physics back in high school was an out-and-out C-minus disaster. But recently, and unexpectedly, I had a flash of understanding not only about time and space, but also about past and future, about boys and men and ties and trains. And it has changed the frame of my life. 

It was my own version of Einstein’s classic train scenario. Stay with me here — I’m talking about his famous mind experiment that proved how time can be relative depending on the observer. Einstein’s epiphany revolved around the speed of light, principles of physics, and lightning simultaneously striking the front and rear of a moving train. Mine revolved around my sons. 

For much of the past year, my first-born son, Aahren, worked at a big law firm in Midtown Manhattan a few blocks from my office at Times Square. He is a just-minted lawyer, fresh out of law school, and it was his very first professional job. That put us on the same Midtown Direct train from Montclair, N.J., some mornings and most evenings. 

A few months ago, my younger son, Andrés, took a job as a paralegal at Aahren’s law firm before beginning medical school this summer. That meant there suddenly were enough DePalmas on the train to fill one of New Jersey Transit’s dreaded three-across seats by ourselves.

Pretty quickly a routine emerged. The boys would call me when they were leaving their office and we’d meet on the corner of my building, trying to see how close we could come to arriving at precisely the same moment. From there we’d do some fancy broken-field running down Eighth Avenue to get to Penn Station in time to find seats together on the train for the ride home.

I soon noticed that on the train, time became malleable, and we slipped back and forth from past to present, present to future, as we scooted under the Hudson and then emerged from the blackness into the sodden wilderness of the Jersey meadowlands.

At one and the same time we were father, sons and three professional men. From one angle they were the boys they once were; from another the handsome, strong men they had become. For years I provided everything for them; now we were equals, each of us with our ties and jackets, our own reading material or iPod, sitting with the other commuters, but in a role unlike any of the others’. 

Time became a commodity on the 6:40, and the train offered me the rare opportunity to recapture some of the lost moments I thought were gone forever. There had been so many days that I missed being with them because of my work, but now, briefly, it was my work, and theirs, that held out a reprieve.

They became boys again, joking, mocking each other the way brothers do to get a laugh out of each other, and me too. Yet we sometimes talked about their work, and I was amazed at the mounting responsibilities they were taking on and the skills they had acquired when it seemed like such a short time ago I was tying towels around their shoulders because they wanted to fly like Superman. 

Given the reality of our complex contemporary lives, I knew that this was probably as close as we would ever get to working together. Both boys have chosen careers far different from my own, just as I veered far from my own father’s hard life as a longshoreman in Hoboken. 

I never even got to see my father work — the old Hudson River piers were cut off from the rest of Hoboken by an iron gate, and the ships themselves were hidden behind a long brick warehouse. But I can still feel the thrill of asking the guard at the Pier C gate to call him out to get something that my mother had asked me to carry to him. He’d stalk out, husky, thick-booted and red-faced, wrapped in a stiff woolen coat, and he was different there because he was surrounded by other men who knew him not as Dad but as “Tony all the time,” his nickname on the docks. Being there with him even for that fleeting moment let me briefly into that exotic fraternity. 

For me and my boys, the 6:40 became our fraternity. I gladly changed my schedule to meet up with them whenever I could. I found myself wearing a tie more often because I knew they would be wearing theirs. New York City’s vastness melted away temporarily because we knew we were near one another, and we tried to catch lunch together at least once a week. 

On days when we hadn’t taken the same morning train, they’d tell me they’d seen my doppelganger on the train, and they’d even take cellphone pictures of the unsuspecting guy who just happened, in their eyes, to look like me. It reminded me of times when they and their sister would pin my photograph on the message board near the kitchen table because I was gone for weeks on a long reporting trip. 

Like Einstein’s train, the 6:40 moved through time as it barreled along the tracks. Our past together as a family coexisted with the future to which we were heading. I knew that they could someday be dominated by their work just as I was; that they would struggle to divide their time between career and family, just as I did. Of course, they would have their own families and increasingly be drawn away from me and their mother and sister. 

Right from our first trip together, we all understood that this special time would be limited. And it was. As planned, just before Memorial Day Aahren married a wonderful young woman he had met at the University of Notre Dame and moved to St. Louis. 

Andrés and I now ride together, and knowing that he starts medical school in a few weeks, I’m often tempted to play hooky with him the way I planned to, but never did, when I used to drop him off at preschool. Amid all these changes, I’ve decided to end my own commute so I can move on to the next stage of my writing career. I’ve timed it so I’ll stop taking the train at just about the same time Andrés does.

Special as these train trips have been to us, we couldn’t just let them end. So on the last day all three of us sat together on the westbound 6:40 New Jersey Transit Midtown Direct, we celebrated the way train veterans do. We picked up our commuter champagne — oil cans of beer in brown paper bags — from a stand in Penn Station that kept them on ice. 

The boys paid for their beers, and for mine.

We toasted our pasts, our futures and the sweet small moments of our present
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PREFACE

THE present book is intended as far as possible to give an exact insight into the theory of Re​lativity to those readers who from a general scientific and philosophical point of view are interested in the theory, but who are not conversant with the mathematical apparatus of theoretical physics. The work presumes a standard of education corresponding to that of a university matriculation examination, and, despite the shortness of the book a fair amount of patience and force of will on the part of the reader. The author has spared himself no pains in his endeavour to present the main ideas in the simplest and most intelligible form and on the whole in the sequence and connection in which they actually originated. In the interest of clearness, it appeared to me inevitable that I should repeat myself frequently without paying the slightest attention to the elegance of the presentation. I adhered scrupulously to the precept of that brilliant theoretical physicist L. Boltzmann according to whom matters of elegance ought to be left to the tailor and to the cobbler. I make no pretence of having withheld from the reader difficulties which are inherent to the subject. On the other hand, I have purposely treated the empirical physical foundations of the theory in a " step-motherly" fashion, so that readers unfamiliar with physics may not feel like the wanderer who was unable to see the forest for trees. May the book bring some one a few happy hours of suggestive thought!

December, 1916

A. EINSTEIN

NOTE TO THE FIFTEENTH EDITION

IN this edition I have added as a fifth appendix, a presentation of my views on the problem of space in general and on the gradual modifications of our ideas on space resulting from the influence of the relativistic view-point. I wished to show that space-time is not necessarily something to which one can ascribe a separate existence, independently of the actual objects of physical reality. Physical objects are not in space, but these objects are spatially extended. In this way the concept “empty space" loses its meaning.

June 9th, 1952

A.EINSTEIN

Where the train scenario shows up

I – Physical Meaning of Geometrical Propositions
In this section, though elegantly, he “blows up” the idea of something be true based in the plane, point and straight line Euclidian geometry is based on, because geometrical ideas such as that correspond to exact objects in nature, that is not the case in reality, and you can only find it with ruler and compasses, i.e., this “truth is limited, and what we have are only axioms.
II – The System of Co-ordinates
He uses the physical interpretation of distance indicated, i.e., straight line and points, place them in a rigid body and introduces the idea of measurement, using a general rod that could carry miles, meters, cm, inches, whatever, summarizing the idea of numerical measure. Observes that is the same for every day life, introducing an interesting example, that in the original was Berlin, but in the book is Trafalgar Square, London, that means that this place is a well defined point, with a name, on earth, with which the event coincides in space, noting that it is a primitive method that deals only with places on the surface of rigid bodies and depends of points on this surface which are distinguishable from each other. He refines the idea suggesting a cloud over Trafalgar and introducing the idea of a pole from the cloud to earth, perpendicularly, the length of the pole, combined with the position of the foot of the pole in any numerical measure, will suffice with a complete place specification. From the example he derives the Cartesian system of coordinates, i.e., three plane surfaces perpendicular to each other and rigidly attached to a rigid body, our so called x,y and z coordinates. He notes that in practice the rigid surfaces which constitute the system of coordinates are generally not available, not to mention the magnitude found in astronomy, so the consequence is; and I transcribe ipsis literis: “Every description of events in space involves the use of a rigid body to which such events have to be referred. The resulting relationship takes for granted that the laws of Euclidean geometry hold   for “distances” the “distance” being represented physically by means of the convention of two marks on a rigid body”
.
III - Space And Time In Classical Mechanics

THE purpose of mechanics is to describe how bodies change their position in space with “time”. I should load my conscience with grave sins against the sacred spirit of lucidity were I to formulate the aims of mechanics in this way, without serious reflection and detailed explanations. Let us proceed to disclose these sins.

It is not clear what is to be understood here by “position” and “space"”: I stand at the window of a railway carriage which is traveling uniformly, and drop a stone on the embankment, without throwing it. Then, disregarding the influence of the air resistance, I see the stone descend in a straight line. A pedestrian who observes the misdeed from the footpath notices that the stone falls to earth in a parabolic curve. I now ask: Do the “positions" traversed by the stone lie" in reality" on a straight line or on a parabola? Moreover, what is meant here by motion “in space”? From the considerations of the previous section: the answer is self-evident. In the first place we entirely shun the vague word “space"”, of which, we must honestly acknowledge, we cannot form the slightest concep​tion, and we replace it by “motion relative to a practically rigid body of reference”. The positions relative to the body of reference (railway carriage or embankment) have already been defined in detail in the preceding section. If instead of “body of reference” we insert “system of co-ordinates”, which is a useful idea for mathematical description. We are in a position to say: The stone traverses a straight line relative to a system of co-ordinates rigidly attached to the carriage, but relative to a system of co-ordinates rigidly attached to the ground (embankment) it describes a parabola. With the aid of this example it is clearly seen that there is no such thing as an independently existing trajectory (lit. “path-curve”)
, but only a trajectory relative to a particular body of reference.

In order to have a complete description of the motion, we must specify how the body alters its position with time; i.e. for every point on the trajectory it must be stated at what time the body is situated there. These data must be supplemented by such a definition of time that, in virtue of this definition, these time-values can be regarded essentially as magnitudes (results of measurements) capable of observation. If we take our stand on the ground of classical mechanics, we can satisfy this requirement for our illustration in the following manner. We imagine two clocks of identical construction; the man at the railway-carriage window is holding one of them and the man on the foot​path the other. Each of the observers determines the position on his own reference-body occupied by the stone at each tick of the clock he is holding in his hand. In this connection we have not taken account of the inaccuracy involved by the finiteness of the velocity of propagation of light. With this and with a second difficulty prevailing here we shall have to deal in detail later.

IV - THE GALILEIAN SYSTEM OF CO-ORDINATES

As is well known, the fundamental law of the mechanics of Galilei-Newton, which is known as the law of inertia, can be stated thus: A body removed sufficiently far from other bodies continues in a state of rest or of uniform motion in a straight line. This law not only says some​thing about the motion of the bodies, 'but it also indicates the reference-bodies or systems of co​ordinates, permissible in mechanics, which can be used in mechanical description. The visible fixed stars are bodies for which the law of inertia certainly holds to a high degree of approximation. Now if we use a system of co-ordinates which is rigidly attached to the earth, then, relative to this system, every fixed star describes a circle of immense radius in the course of an astrono​mical day, a result which is opposed to the statement of the law of inertia. So that if we adhere to this law we must refer these motions only to systems of co​ordinates relative to which the fixed stars do not move in a circle. A system of co-ordinates of which the state of motion is such that the law of inertia holds relative to it is called a “Galileian system of co-ordinates”. The laws of the mechanics of Galilei-Newton can be regarded as valid only for  a Galileian system of co-ordinates.
V - THE PRINCIPLE OF RELATIVITY (IN THE RESTRICTED SENSE)

IN order to attain the greatest possible clearness, let us return to our example of the railway carriage supposed to be traveling uniformly. We call its motion a uniform translation ('C uniform" because it is of constant velocity and direction, "translation”

because although the carriage changes its position relative to the embankment yet it does not rotate in so doing). Let us imagine a raven flying through the air in such a manner that its motion, as observed from the embankment. Is uniform and in a straight line. If we are to observe the flying raven from the moving railway carriage, we should find that the motion of the raven would be one of different velo​city and direction, but that it would still be uniform and in a straight line. Expressed in an abstract manner we may say: If a mass m is moving uni​formly in a straight line with respect to a co-ordinate system K, then it will also be moving uniformly and in a straight line relative to a second co-ordinate system K', provided that the latter is executing a uniform translatory motion with respect to K. In accordance with the discussion contained in the preceding section, it follows that:

If K is a Galileian co-ordinate system, then every other co-ordinate system K' is a Galileian one, when, in rela​tion to K, it is in a condition of uniform motion of trans​lation. Relative to K' the mechanical laws of Galilei​-Newton hold good exactly as they do with respect to' K.

We advance a step farther in our generalization when we express the tenet thus: If, relative to K, K' is a

. uniformly moving co-ordinate system devoid of rotation, then natural phenomena run their course with respect to K' according to exactly the same general laws as with respect to K. This statement is called the principle of relativity (in the restricted sense).

As long as one was convinced that all natural pheno​mena were capable of representation with the help of classical mechanics, there was no need to doubt the validity of this principle of relativity. But in view of the more recent development of electrodynamics and optics it became more and more evident that classical mechanics affords an insufficient foundation for the physical description of all natural phenomena. At this juncture the question of the validity of the principle of relativity became ripe for discussion, and .it did not appear impossible that the answer to this question might be in the negative.

Nevertheless, there are two general facts which at the outset speak very much in favour of the validity of the principle of relativity. Even though classical mechanics does not supply us with a sufficiently broad basis for the theoretical presentation of all physical phenomena, still we must grant it a considerable measure of “truth," since it supplies us with the actual motions of the heavenly bodies with a delicacy of detail little short of wonderful. The principle of relativity must therefore apply with great accuracy in the domain of mechanics. But that a principle of such broad generality should hold with such exactness in one domain of phenomena, and yet should be invalid for another, is a priori not very probable.

We now proceed to the second argument, to which, moreover, we shall return later. If the principle of rela​tivity (in the restricted sense) does not hold, then the Galileian co-ordinate systems K, K', K", etc., which are moving uniformly relative to each other, will not be equivalent for the description of natural phenomena. In this case we should be constrained to believe that natural laws are capable of being formulated in 'a par​ticularly simple manner, and of course only on condition that, from amongst all possible Galileian co-ordinate systems, we should have chosen one (Kº) of a particular state of motion as our body of reference. We should then be justified (because of its merits for the description of natural phenomena) in calling this system II absolutely at rest," and all other Galilean systems K “in motion." If, for instance, our embankment were the system Kº, then our railway carriage would be a system K, relative to which less simple laws would hold than with respect to Kº. This diminished simplicity would be due to the fact that the carriage K would be in motion (i.e. " really") with respect to Ko. In the general laws of nature which' have been formulated with refer​ence to K, the magnitude and direction of the velocity of the carriage would necessarily playa part. We should expect, for instance, that the note emitted by an organ pipe placed with its axis parallel to the direction of travel would be different from that emitted if the axis of the pipe were placed perpendicular to this direction.

Now in virtue of its motion in an orbit round the sun, our earth is comparable with a railway carriage traveling with a velocity of about 30 kilometers per second. If the principle of relativity were not valid we should therefore expect that the direction of motion of the earth at any moment would enter into the laws of nature, and also that physical systems in their behavior would be dependent on the orientation in space with respect to the earth. For owing to the alteration in direction of the velocity of revolution of the earth in the course of a year, the earth cannot beat rest relative to the hypothetical system Kº throughout the whole year. However, the most careful observations have never revealed such anisotropic properties in terrestrial physi​cal space, i.e. a physical non-equivalence of different directions. This is very powerful argument in favour of the principle of relativity.
VI - THE THEOREM OF THE ADDITION OF VELOCI​TIES EMPLOYED IN CLASSICAL MECHANICS

LET us suppose our old friend the railway carriage to be traveling along the rails with a constant velocity v, and that a man traverses the length of the carriage in the direction of travel with a velocity w. How quickly or, in other words, with what velocity W does the man advance relative to the embankment during the process? The only possible answer seems to result from the following consideration: If the man were to stand still for a second, he would advance relative to the embankment through a distance II equal numerically to the velocity of the carriage. As a consequence of his walking, however, he traverses an additional distance w relative to the carriage, and hence also relative to the embankment, in this second, the distance w being numerically equal to the velocity with which he is walking. Thus in total he covers the distance W =II+W relative to the embankment in the second considered.

We shall see later that this result, which expresses the theorem of the addition of velocities- employed in classical mechanics, cannot be maintained; in other words, the law that we have just written down does not hold in reality. For the time being, however, we shall assume its correctness.

VII - THE APPARENT INCOMPATIBILITY OF THE LA W OF PROP AGA TION OF LIGHT WITH THE PRINCIPLE OF RELATIVITY

THERE is hardly a simpler law in physics than that according to which light is propagated in empty space. Every child at school knows, or believes he knows, that this propagation takes place in straight lines with a velocity c= 300,000 kIm/sec. At all events we know with great exactness that this velocity is the same for all colours, because if this were not the case, the minimum of emission would not be observed simultaneously for different colours during the eclipse of a fixed star by its dark neighbor. By means of similar considerations based on observa​tions of double stars, the Dutch astronomer De Sitter was also able to show that the velocity of propaga​tion of light cannot depend on the velocity of motion of the body emitting the light. The assumption that this velocity of propagation is dependent on the direc​tion "in space" is in itself improbable.

In short, let us assume that the simple law of the constancy of the velocity of light c (in vacuum) is justifiably believed by the child at school. Who would imagine that this simple law has plunged the con​scientiously thoughtful physicist into the greatest intellectual difficulties? Let us consider how these difficulties arise.

Of course we must refer the process of the propaga​tion of light (and indeed every other process) to a rigid reference-body (co-ordinate system). As such a system let us again choose our embankment. We shall imagine the air above it to have been removed. If a ray of light be sent along the embankment, we see from the above that the tip of the ray will be transmitted with the velocity c relative to the embankment. Now let us suppose that our railway carriage is again traveling along the railway lines with the velocity v, and that its direction is the same as that of the ray of light, but its velocity of course much less. Let us inquire about the velocity of propagation of the ray of light relative to the carriage. It is obvious that we can here apply the consideration of the previous section, since the ray of light plays the part of the man walking along relatively' to the carriage. The velocity W of the man relative to the embankment is here replaced by the velocity of light relative to the embankment. W is the required velocity of light with respect to the carriage, and we have

W= c-v.

The velocity of propagation of a ray of light relative to the carriage thus comes out smaller than c.

But this result comes into conflict with the principle of relativity set forth in Section V. For, like every other general law of nature, the law of the transmission of light in vacuo must, according to the principle of relativity, be the same for the railway carriage as reference-body as when the rails are the body of reference. But, from our above consideration, this would appear to be impossible. If every ray of light is pro​pagated relative to the embankment with the velocity c, then for this reason it would appear that another law of propagation of light must necessarily hold with respect to the carriage-a result contradictory to the principle of relativity.

In view of this dilemma there appears to be nothing else for it than to abandon either the principle of rela​tivity or the simple law of the propagation of light in vacuo. Those of you who have carefully followed the preceding discussion are almost sure to expect that we should retain the principle of relativity, which appeals so convincingly to the intellect because it is so natural and simple. The law of the propagation of light in vacuo would then have to be replaced by a more complicated law conformable to the principle of relativity. The development of theoretical physics shows, however, that we cannot pursue this course. The epoch-making theoretical investigations of H. A. Lorentz on the electrodynamical and optical phenomena connected with moving bodies show that experience in this domain leads conclusively to a theory of electro​magnetic phenomena, of which the law of the constancy of the velocity of light in vacuo is a necessary conse​quence. Prominent theoretical physicists were there​fore more inclined to reject the principle of relativity, in spite of the fact that no empirical data had been found which were contradictory to this principle.

At this juncture the theory of relativity entered the arena. As a result of an analysis of the physical con​ceptions of time and space, it became evident that in reality there is not the least incompatibility between the principle of relativity and the law of propagation of light, and that by systematically holding fast to both these laws a logically rigid theory could be arrived at. This theory has been called the special theory of relativity to distinguish it from the extended theory, with which we shall deal later. In the following pages we shall present the fundamental ideas of the special theory of relativity.
VIII - ON THE IDEA OF TIME IN PHYSICS
LIGHTNING has struck the rails on our railway embankment at two places A and B far distant from each other. I make the additional assertion that these two lightning flashes occurred simultaneously. If I ask you whether there is sense in this statement, you will answer my question with a decided... Yes." But if I now approach you with the request to explain to me the sense of the statement more precisely, you find after some consideration that the answer to this question is not so easy as it appears at first sight.

After some time perhaps the following answer would occur to you: The significance of the statement is clear in itself and needs no further explanation; of course it would require some consideration if I were to be commissioned to determine by observations whether in the actual case the two events took place simul​taneously or not." I cannot be satisfied with tills answer for the following reason. Supposing that as a result of ingenious considerations an able meteorologist were to discover that the lightning must always strike the places A and B simultaneously, then we should be faced with the task of testing whether or not this theoretical result is in accordance with the reality. We encounter the same difficulty with all physical statements in which the conception" simultaneous" plays a part. The' concept does not exist for the physicist until he has the possibility of discovering whether or not it is fulfilled in an actual case. We thus require a definition of simultaneity such that this definition supplies us with the method by means of which, in the present case, he can decide by experiment whether or not both the lightning strokes occurred simultaneously. As long as this requirement is not satisfied, I allow myself to be deceived as a physicist (and of course the same applies if I am not a physicist), when I imagine that I am able to attach a meaning to the statement of simultaneity. (I would ask the reader not to proceed farther until he is fully convinced on this point.)

After thinking the matter over for some time you then offer the following suggestion with which to test simultaneity. By measuring along the rails, the connecting line AB should be measured up and an observer placed at the mid-point M of the distance AB. This observer should be supplied with an arrangement (e.g. two mirrors inclined at 90°) which allows him visually to observe both places A and B at the same time. If the observer perceives the two flashes of lightning at the same time, then they are simultaneous.

I am very pleased with this suggestion, but for all that 1 cannot regard the matter as quite settled, because I feel constrained to raise the following objection: “Your definition would certainly be right, if only I knew that the light by means of which the observer at M perceives the lightning flashes travels along the length A > M with the same velocity as along the length B > M. But an examination of this supposi​tion would only be possible if we already had at our disposal the means of measuring time. It would thus appear as though we were moving here in a logical circle."

After further consideration you cast a somewhat disdainful glance at me-and rightly so-and you declare: “I maintain my previous definition neverthe​less, because in reality it assumes absolutely nothing about light. There is only one demand to be made of the definition of simultaneity, namely, that in every real case it must supply us with an empirical decision as to whether or not the conception that has to be defined is fulfilled. That my definition satisfies this demand is indisputable. That light requires the same time to traverse the path A > M as for the path B > M is in reality neither a supposition nor a hypothesis about the physical nature of light, but a stipulation which I can make of my own freewill in order to arrive at a definition of simultaneity."

It is clear that this definition can be used to give an exact meaning not only to two events, but to as many events as we care to choose, and independently of the positions of the scenes of the events with respect to the body of reference
 (here the railway embankment). We are thus led also to a definition of “time" in physics. For this purpose we suppose that/ clocks of identical construction are placed at the points A, B and C of the railway line (co-ordinate system), and that they are set in such a manner that the positions of their pointers are simultaneously (in the above sense) the same. Under these conditions we understand by the If time" of an event the reading (position of the hands) of that one of these clocks which is in the immediate vicinity (in space) of the event. In this manner a time-value is associated with every event which is essentially capable of observation.

This stipulation contains a further physical hypothesis, the validity of which will hardly be doubted without empirical evidence to the contrary. It has been assumed that all these clocks go at the same rate if they are of identical construction. Stated more exactly: When two clocks arranged at rest in different places of a reference-body are set in s11ch a manner that a particula, position of the pointers of the one clock is simultaneous (in the above sense) with the same position of the pointers of the other clock, then identical" settings " are always simultaneous (in the sense of the above definition).
IX - THE RELATIVITY OF SIMULTANEITY

Up to now our considerations have been referred to a particular body of reference, which we have styled a "railway embankment." We suppose a very long train traveling along the rails with the constant velocity v and in the direction indicated in Fig. I. People traveling in this train will with advantage use the train as a. rigid reference body (co-ordinate system); they regard all events in reference to the train.
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Then every event which takes place along the line also takes place at a particular point of the train. Also the definition of simultaneity can be given relative to the train in exactly the same way as with respect to the embankment. As a natural consequence, however the following question arises:

Are two events (e.g. the two strokes of lightning A and B) which are simultaneous with reference to the railway embankment also simultaneous relatively to the train? We shall show directly that the answer must be in the negative.

When we say that the lightning strokes A and B are simultaneous with respect to the embankment, we mean: the rays of light emitted at the places A and B, where the lightning occurs, meet each other at the mid-point M of the length A > B of the embankment. But the events A and B also correspond to positions A and B on the train. Let M' be the mid-point of the distance A _ B on the traveling train. Just when the flashes
 of lightning occur, this point M' naturally coincides with the point M, but it moves towards the right in the diagram with the velocity v of the train. If an observer sitting in the position M' in the train did not possess this velocity, then he would remain per​manently at M, and the light rays emitted by the flashes of lightning A and B would reach him simul​taneously, i.e. they would meet just where he is situated. Now in reality (considered with reference to the railway embankment) he is hastening towards the beam of light coming from B I whilst he is riding on ahead of the beam of light coming from A. Hence the observer will see the beam of light emitted from B earlier than he will see that emitted from A. Observers who take the rail​way train as their reference-body must therefore come to the conclusion that the lightning flash B took place earlier than the lightning flash A. We thus arrive at the important result:

Events which are simultaneous with reference to the embankment are not simultaneous with respect to the train, and vice versa (relativity of simultaneity). Every reference-body (co-ordinate system) has its own particular time; unless we are told the reference-body to which the statement of time refers, there is no meaning in a statement of the time of an event.

Now before the advent of the theory of relativity it had always tacitly been assumed in physics that the statement of time had an absolute significance, i.e. that it is independent of the state of motion of the body of reference. But we have just seen that this assump​tion is incompatible with the most natural definition of simultaneity; if we discard this assumption, then the conflict between the law' of the propagation of light in vacuo and the principle of relativity (developed in Section VII) disappears.

We were led to that conflict by the considerations of Section VI, which are now no longer tenable. In that section we concluded that the man in the carriage, who traverses the distance w per second relative to the carriage, traverses the same distance also with respect to the embankment in each second of time. But, according to the foregoing considerations, the time required by a particular occurrence with respect to the carriage must not be considered equal to the duration of the same occurrence as judged from the embankment (as refer​ence-body). Hence it cannot be contended that the man in walking travels the distance w relative to the railway line in a time which is equal to one second as judged from the embankment.

Moreover, the considerations of Section VI are based on yet a. second assumption, which, in the light of a strict consideration, appears to be arbitrary, although it was always tacitly made even before the introduction of the theory of relativity.

X - ON THE RELATIVITY OF THE CONCEPTION OF DISTANCE

LET us consider two particular points on the train
 traveling along the embankment with the velocity v, and inquire as to their distance apart. We already know that it is necessary to have a body of reference for the measurement of a distance, with respect to which body the distance can be measured up. It is the simplest plan to use the train itself as reference ​body (co-ordinate system). An observer in the train measures the interval by marking off his measuring-rod in a straight line (e.g. along the floor of the carriage) as many times as is necessary to take him from the one marked point to the other. Then the number which tells us how often the rod has to be laid down is the required distance.

It is a different matter when the distance has to be judged from the railway line. Here the following method suggests itself. If we call A' and B' the two points on the train whose distance apart is required, then both of these points are moving with the velocity v along the embankment. - In the first place we require to determine the points A and B of the embankment which are just being passed by the two points A' and B' at a particular time e-judged from the embankment. These points A and B of the embankment can be deter​mined by applying the definition 'of time given in Section VIII. The distance between these points A and B is then measured by repeated application of the measuring-rod along the embankment.

A priori it is by no means certain that this last measurement will supply us with the same result as the first. Thus the length of the train as measured from the embankment may be different from that obtained by measuring in the train itself. This circumstance leads us to a second objection which must be raised against the apparently obvious considera​tion of Section VI. Namely, if the man in the carriage covers the distance iii in a unit of time-measured from the train, - then, this distance -as measured from the embankment - is not necessarily also equal to w.

XI- THE LORENTZ TRANSFORMATION
Though from the preface Einstein declares his good will that this text was supposed to be read by any person at College entry level, he kind of forgets it and, from the first gear that he was and all of sudden he is in the third gear. In other words, the kind of familiarity with mathematics needed to fully appreciate what is the Lorentz Transformation is far beyond college entry level. For our purpose, should suffice his remarks where he points out that, and I quote:

The results of the last three sections show that the aparent incompatiility of the law of propagation of light with the principle of relativity (section VII) has been derived by means of a consideration whiche borrowed two unjustifiable hypotheses from classical mechanicas; these are as follows:

1. The time-interval (time) between two events is independent of the condition of motion of the body of reference.

2. The space-interval (distance) between two points of a rigid body is independent of the condition of motion of  the body of reference.

He discusses the consequences and sort of make a discursive exposition of the Lorentz transformation. For those with mathematical back ground or capability, I suggest the following sites:

In Portuguese, but a little bit shabby:

http://pt.wikipedia.org/wiki/Transforma%C3%A7%C3%A3o_de_Lorentz
and in English, more to the point:

http://en.wikipedia.org/wiki/Lorentz_transformation
From the english explanation I picked up the following, that is what matters to us for our purposes, under our train scenario discussion:
“One of the most astounding predictions of special relativity was the idea that time is relative. In essence, each observer's frame of reference is associated with a unique clock, the result being that time passes at different rates for different observers. This was a direct prediction from the Lorentz transformations and is called time dilation. We can also clearly see from the Lorentz transformations that the concept of simultaneity varies between reference frames. Another startling result is length contraction.

Lorentz transformations can also be used to prove that magnetic and electric fields are simply different aspects of the same force — the electromagnetic force. If we have one charge or a collection of charges which are all stationary with respect to each other, we can observe the system in a frame in which there is no motion of the charges. In this frame, there is only an electric field. If we switch to a moving frame, the Lorentz transformation will give rise to a magnetic field. These two fields are unified in the concept of the electromagnetic field.”

I decided to leave the electrical concepts consequences because it seemed to me that was a good idea.

I wish Einstein had put it this way, because he did the same in other words, but the time dilation is the essence of the NY Times article and I quote the definition of Time dilation:

Time dilation is the phenomenon whereby an observer finds that another observer’s clock, which is physically identical to his own, is ticking at a slower rate as measured by their own clock. This is often interpreted as time "slowing down" for the other clock, but that is only true in the context of the observer's frame of reference. Locally (i.e., from the perspective of any observer within the same frame of reference, without reference to another frame of reference), time always passes at the same rate. The time dilation phenomenon applies to any process that manifests change over time.
Which is the perfect justification for the introduction the articles opens up to.

But the Part I has yet the following

XII – THE BEHAVIOUR OF MEASURING-RODS AND CLOCKS IN MOTION

Where, once again, he demonstrates, in a not so clear way, that the consequence of a clock in a standing body and the other in moving boy is that in the moving body clock, the clock goes more slowly than when at rest. He points about that the velocity, when reaching limits, specially that those limits cannot be overreached, play the part of an unattainable velocity. This letter  “c”, in the text, generally is the speed of light.

XIII – THEOREM OF THE ADDITION OF VELOCITIES – THE EXPERIMENT OF FIZEAU

The experiment sent two beams of light through a pair of tubes filled with flowing water, so that one beam was always travelling in the same direction as the flowing water, and the other was travelling against the flow. The timelag between the two beams was then measured with an interferometer.
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XIV – THE HEURISTIC VALUE OF THE THEORY OF RELATIVITY 

Heuristic here means providing aid or direction in the solution of a problem but otherwise unjustified or incapable of justification, Einstein asserts and I quote:

“This is a definite mathematical condition that the tehory of relativity demands of a natural law, and in virtue of this, the theory becomes a vlauable heuristic aid in the serach for general laws of natures. If a general law of nature were to be found which did not satisfy this condition, then at least one of the two fundamental assmptions of the theory would have been disproved.” 

XV –GENERAL RESULTS OF THE THEORY

Fields of impact are electrodynamics and optics. It´s effect was more in the simplification ot the theoretical sctucture than in the predictions of theory.

Einstein remarks that the succes of the Faraday-Maxwell interpretation of ectromagntretic action at a distnace resulted in physicists becoming convinced that there are no such things as instantaneous actions at a distance (not involving an intermediary mediium) of the type of Newton’s law of action at a distance with the velocity of light always take place of intanteous action at a distance or of action at a distance with an infiniti velocity of transmission. This is connected with the fact that the velocity c plays a fundamental role in this theory. 

Einstein dealt with these things in the 1910’s and the translator (Robert W.Lawson – Skheffield University added in the sixties the following note, that I think is woth mentioning:

“ With the advent of nuclear transformation processes, which result from the bombardment  of elements by  α-particles protons. deuterons, neutrons or  γ-rays. the equivalence of mass and energy expressed by the relation E=mc² has been amply confirmed. The sum of the reacting masses together with the mass equivalent of the kinetic energy of the bombarding particle (or photon) is always greater than the sum of the resulting masses. The difference is the equivalent mass of the kinetic energy of the particles generated or of the released electro​magnetic energy             (γ-photons). In the same way the mass of a spontaneously disintegrating radioactive atom is always greater than the sum of the masses of the resulting atoms by

the mass equivalent of the kinetic energy of the particles generated (or of the photonic energy). Measurements of the energy of the rays emitted in nuclear reactions. in combination with the equations of such reactions, render it possible to evaluate atomic weights to a high degree of accuracy.” 

XVI – EXPERIENCE AND THE SPECIAL THEORY OF RELATIVITY
He points out (not clear if in 1916 or 1952) that the Fizeau experiment and the Maxwell-Lorentz theory of electromagnetic phenomena are the evidence. He elaborates defends his idea not believing in a all surrounding aether, that Michel and Morley set up their famous experiment to prove it, and failed, and ended up proving 
Einstein’s idea. Curiously, Einstein never got a Nobel for his relativity concept
 and Morley did, the 1907 Nobel of physics for this ill-good fated experiment!
  In this book we are dealing with, Einstein points out in this chapter:

“Thus for a co-ordinate system moving with the earth the mirror system of Michelson and Morley is not shortened, but it is shortened for a co-ordinate system which is at rest relatively to the sun”.
Putting in simple words, Einstein postulated that there is no natural rest or relative frame in the universe and that any measurement of the speed of light in any inertial frame will always give 186,300 miles per second or 299 792 458 m / s

Critics of Einstein pick on him in this particular item.

Before we close this first part of the book, Special Theory of Relativity, with last part, Minkowski´s four dimensional space, I would like to transcribe what Einstein said about quantum theory, which in a certain way gives dimension to his critics:

“You believe in the God who plays dice, and I in complete law and order in a world which objectively exists, and which I, in a wildly speculative way, am trying to capture. I hope that someone will discover a more realistic way, or rather a more tangible basis than it has been my lot to find. Even the great initial success of the Quantum Theory does not make me believe in the fundamental dice-game, although I am well aware that our younger colleagues interpret this as a consequence of senility. No doubt the day will come when we will see whose instinctive attitude was the correct one. (Albert Einstein to Max Born, Sept 1944, 'The Born-Einstein Letters')

For the time being we have to admit that we do not possess any general theoretical basis for physics which can be regarded as its logical foundation. The field theory, so far, has failed in the molecular sphere. It is agreed on all hands that the only principle which could serve as a basis of quantum theory would be one that constituted a translation of the field theory into the scheme of quantum statistics. Whether this will actually come about in a satisfactory manner, nobody can venture to say.
Some physicists, among them myself, cannot believe that we must abandon, actually and forever, the idea of direct representation of physical reality in space and time; or that we must accept the view that events in nature are analogous to a game of chance . Probably never before has a theory been evolved which has given a key to the interpretation and calculation of such a heterogeneous group of phenomena of experience as has quantum theory. In spite of this, however, I believe that the theory is apt to beguile us into error in our search for a uniform basis for physics, because, in my belief, it is an incomplete representation of real things, although it is the only one which can be built out of the fundamental concepts of force and material points (quantum corrections to classical mechanics). The incompleteness of the representation leads necessarily to the statistical nature (incompleteness) of the laws. (Albert Einstein, on Quantum Physics, 1954)”

XVII – MINKOWSKI´S FOUR DIMENSIONAL SPACE

Instead of repeating what Einstein wrote, recognizing himself that Minkowski is doubtless difficult of access to anyone inexperienced in mathematics, I’d rather appreciate the idea on a more human level of understanding, quoting wikipedia:

By 1907 Minkowski realized that the special theory of relativity, introduced by   Einstein in 1905 and based on previous work of Lorentz and Poincaré could be best understood in a four dimensional space, since known as " Minkowski spacetime” or, as Einstein is putting here, “Minkowski´s four dimensional space” in  which the time and space are not separated entities but intermingled in a four dimensional space time and in which the Lorentz geometry of special relativity can be nicely represented. The beginning part of his address delivered at the 80th Assembly of German Natural Scientists and Physicians, September 21rst 1908, is now famous:

“The views of space and time which I wish to lay before you have sprung from the soil of experimental physics, and therein lies their strength. They are radical. Henceforth space by itself, and time by itself, are doomed to fade away into mere shadows, and only a kind of union of the two will preserve an independent reality.”

Which eventually  led Einstein to quote:

“…for us physicists believe the separation between past, present, and future is only an illusion, although a convincing one.”
And the most amazing thing about all that is the NY Times article that brought us here, clearly written by a non physicist, amazingly showing just that…
Part II The General Theory of Relativity 

What brought us here was the train scenario, but things have a way of their own…

I will not go through this part, not only because of that, but because it is really complicated… 
Obviously I have seem before something about that and it seems to me that I share a misconcept about it: it is not complete… but for something incomplete, Jesus, what a fantastic idea!...

I browsed Internet and at Wikipedia I found some considerations that will do for the moment:

General relativity (GR) is a theory of gravitation that was developed by Albert Einstein between 1907 and 1915. According to general relativity, the observed gravitational attraction between masses results from the warping of nearby space and time by those masses.

Until the advent of general relativity, Newton’s law of universal gravitation (1686) had been accepted as a valid description of gravity as a force between masses, but experiments have shown that Einstein's description is more accurate. What is more, general relativity predicts new phenomena such as gravitational waves, and accounts for several effects that are unexplained by Newton's law, such as minute anomalies in the orbits of Mercury and other planets. General relativity also makes numerous predictions – since confirmed – for novel effects of gravity, such as the bending of loight and the slowing of time. Although general relativity is not the only relativistic theory of gravity, it is the simplest such theory that is consistent with the experimental data. Nevertheless, a number of open questions remain: the most fundamental is how general relativity can be reconciled with the laws of quantum physics to produce a complete and self-consistent theory of quantum gravity.

The theory has developed into an essential tool for modern astrophysics. It provides the foundation for the current understanding of black holes, regions of space where gravitational attraction is so strong that not even light can escape. Their strong gravity is thought to be responsible for the intense radiation emitted by certain types of astronomical objects (such as active glactic nuclei or microquasars).
The bending of light by gravity can lead to an astronomical object apparently being in more than once place; this effect is called  gravitational lensing,  and its study is an active branch of astronomy. Direct evidence of gravitational waves is being sought by several teams of scientists, as in the LIGO and GEO 600 projects; success should allow scientists to study a variety of phenomena, from black holes to the early universe, by analyzing the gravitational waves they produce. General relativity is also the basis of the standard Big Bang model of cosmology.
� Sic – The Institute never closed, is alive and well, but this word is in the original of this book


� Remarks are mine and are not in the original. I will summarize for our purposes of finding out the train scenario.


� The red remark is not in the original 


� That is, a curve along which the body moves.





� We suppose further, that, when three events A, Band C occur in different places in such a manner that A is simul�taneous with B, and B is simultaneous with C (simultaneous in the sense of the above definition), then the criterion for the simultaneity of the pair of events A, C is also satisfied. This assumption is a physical hypothesis about the law of propagation of light: it must certainly be fulfilled if we are to maintain the law of the constancy of the velocity of light in vacuo.





� As judged from the embankment.


� e.g. the middle of the first and of the twentieth carriage.





� He received, though, the 1921 Nobel for his photoelectric effect that led him to conclude that light was a wave and also behaved as a particle, at the same time, what eventually led to the Quantum Theory, that, in turn, would be under, or behind all the modern or futuristic concepts of being in two places at the same time. See his considerations on the text about quantum theory.


� It is considered thee most famous failed experiment ever. What he really found was the speed of light, but not its nature.





